Background: Calcifying pseudoneoplasms of the neuraxis (CAPNONs) are clinically rare, nonneoplastic, noninflammatory-calcified lesions of the central nervous system. Resection of a lesion usually indicates good prognosis without recurrence. However, we experienced a unique case of CAPNON that repeatedly recurred after resection. Case Description: A 52-year-old woman with recurrence of an undiagnosed brain tumor, which was resected 12 years ago, was admitted to our institution. Three calcifying lesions along with perifocal edema were detected in the frontal interhemispheric fissure. We performed the second surgery for total removal of the lesions. The patient was diagnosed with CAPNON on the basis of the clinical features of the lesions and medical examination results. However, 14 months after the second surgery, recurrence occurred, and the patient has been followed up conservatively thereafter. Conclusion: CAPNONs may indicate healing process associated with an unidentified agent. Maximum resection, including an unidentified agent, is necessary to prevent recurrence.
INTRODUCTION
Calcifying pseudoneoplasms of the neuraxis (CAPNONs) are rare, heavily calcified lesions of the central nervous system. These lesions are nonneoplastic and noninflammatory. To the best of our knowledge, only 62 cases of CAPNON have been reported, including the present case (intracranial: 44; spinal: 18), since it was first identified in 1978. [5] The natural course and precise etiology of these lesions remain unknown. CAPNONs cause a variety of symptoms that depend on their anatomical location, although seizures have often been reported. Previous case studies have indicated that total resection of the lesions is typically associated with good prognosis without recurrence.
Herein, we describe the unique clinical course of CAPNON in a patient who required a second surgical resection 12 years after the initial procedure.
CASE HISTORY

Clinical course
A 40-year-old woman presented to our institution with excessive somnolence. She was diagnosed with brain tumor in the right frontal lobe parenchyma following computed tomography (CT) scan of the head. The primary lesion was a high-density mass of approximately 11 mm in diameter. The mass had signs of calcification, and it was surrounded by low-density lipomas [ Figure 1a ]. Gadolinium-enhanced magnetic resonance imaging (Gd-MRI) revealed a rim-enhanced mass. Moreover, edema was observed in the right frontal lobe parenchyma [ Figure 2 ].
We performed the first surgery to confirm the tumor diagnosis. Only the largest mass was removed. After surgery, CT scan revealed that the edema in the right frontal lobe had resolved [ Figure 1b ]. No malignant histopathological changes were observed, although a definitive diagnosis was not established. The patient did not experience recurrence for 3 years after the first surgery; however, she did not undergo any medical examinations thereafter.
After 12 years, the patient was admitted to our institution because of tumor recurrence. Head CT-scan revealed three highly dense mass lesions in the frontal interhemispheric fissure [ Figure 3a ]. On MRI, low-intensity masses were observed on T1-and T2-weighted images. Further analysis revealed the presence of edema surrounding the lesions in the right frontal lobe parenchyma and corpus callosum. CT angiography indicated that the lesions surrounded the anterior cerebral artery (ACA) [ Figure 3b ]. Conventional cerebral angiography revealed no vascular lesions or blood supply associated with the masses. The lesions were diagnosed as the progression of a residual tumor. She underwent surgery again to excise the lesion to make an accurate diagnosis and reduce perifocal edema.
Second surgery
We performed bifrontal re-craniotomy and approached the lesion by tracing the right ACA from distal to proximal in the interhemispheric fissure and identified a calcifying mass lesion surrounding the ACA [ Figure 4 ]. A lipoma was found near the lesion. However, no association was observed between the two. The calcifying mass was hard to remove using a suction tube. Therefore, the lesion was broken using forceps, and the pieces were gradually removed. Total resection of all three lesions from the artery surface was possible. Postoperative head CT-scan confirmed the absence of all calcifying masses as well as reduced brain edema around the lesion [ Figure 5a ]. The patient showed partial improvement. Because the patient's neurological condition did not change, we continued to follow-up conservatively.
DISCUSSION
CAPNONs are rare, calcified lesions of the central nervous system; they can occur in extra-axial, intra-axial, and intraosseous locations. Moreover, these lesions have been referred to as fibro-osseous lesions, cerebral calculi, brain stones, and calcifying pseudo-tumors. By exerting pressure on adjacent structures, they may cause various symptoms according to their anatomical location. Typically, CT scan shows a CAPNON as a well-demarcated, densely calcified mass, whereas MRI shows uniform low-intensity signals on both T1-and T2-weighted images. Rim enhancement may also be observed on Gd-MRI. Shrier et al. have reported that gadolinium enhancement occurs when a lesion is associated with a highly vascular fibrous stroma. [7] Few cases are associated with perifocal edema in the brain parenchyma. Aiken et al. have described these findings as typical radiological features of CAPNON that may help in differentiating it from other diseases. [1] Considering the lack of mass effect, the presence of high-intensity areas around the lesions on T2-weighted images represents gliosis. However, in the present case, a high-intensity area was observed in the adjacent frontal lobe parenchyma prior to the first and second surgeries, which diminished after resection. High-intensity signal on T2-weighted images may indicate areas of edema. So far, six cases of perifocal edema associated with CAPNON have been identified, including the present case. Of them, two included extra-axial lesions that severely compressed the spinal cord and brain stem. Edema in these cases may be a result of the strong mass effect. However, in the present case, prior to the first surgery, no significant compression of the brain parenchyma had occurred. Therefore, an unidentified agent may have contributed to the lesion formation.
Histopathologically, CAPNON is typically characterized by hypocellular chondromyxoid matrix and variable amounts of fibrovascular stroma, which are often surrounded by palisading spindles or epithelioid cells and occasionally surrounded by multinucleate giant cells. Various states of calcification in the form of osseous metaplasia, scattered psammoma bodies, or calcium deposits have been observed in some cases; however, cellular proliferation and mitosis have not been reported. These features may be associated with the healing process that occurs in damaged tissues. Previous reports have indicated that epithelioid cells surrounding the lesion are positive for vimentin, possibly because of the presence of macrophages and lymphocytes and that most cells are positive for epithelial membrane antigen (EMA) and negative for glial fibrillary acidic protein and S-100. In the present case, epithelioid cells were only positive for vimentin. [9] Epithelial-derived EMA-positive cells may not be important for lesion formation. Multiple calcifications were observed in the brain parenchyma after the first surgery, although calcified masses after the second surgery were primarily located in the subarachnoid space surrounding the ACA.
In the present case, CAPNONs were accompanied by lipomas. Salim et al. reported a similar case with agenesis of the corpus callosum, and other cases of lipomas were observed in the interhemispheric cistern. [6, 8] Intracranial lipomas are considered as congenital malformations, and they frequently occur in the interhemispheric cistern. Research has indicated that the abnormal differentiation of the meninx primitiva during subarachnoid cistern development causes the formation of intracranial lipomas, and they are frequently accompanied by other anomalies. [10] Calcifications are usually observed in the collagenous capsule or parenchyma surrounding the lipoma. [11] However, in this case, lipomas and CAPNONs were not associated. Although their simultaneous occurrence may be coincidental, these meningeal abnormalities may indicate healing process and the progressive nature of CAPNONs.
Several authors have reported that CAPNONs progressed for 3-11 years. [2, 3, 9] In the present study, the lesion that remained after the first surgery had progressed for over 12 years and recurred 14 months after the second surgery. According to a previous report, the recurrence rate of CAPNON is <10%, and cases where recurrence has been reported typically involve lesions in the base of the skull or intraosseous axial lesions, which cannot be completely removed. [9] After the second surgery, we considered that the residual lesions may regrow in the future, and these lesions should be removed along with the affected tissue as much as possible. Although total resection was performed, regrowth occurred after the second surgery. Therefore, removing the tissues surrounding the calcifications may also be necessary in reducing the effect of the unknown agents that may cause regrowth. However, health-care professionals must be cautious during aggressive resection to avoid injury in the adjacent structures.
Stienen et al. have analyzed the association between residual tumors and recurrence based on previous cases. However, they have observed no significant difference in terms of recurrence between the patients who underwent complete resection and the patient who underwent incomplete resection. [9] Total resection is not always required, particularly when lesions are associated with important neurological structures. In cases where total resection is not possible, medical treatment may control the lesion progression. Kwan et al. [4] have reported a case of symptomatic spinal CAPNON that resolved after indomethacin administration. However, the case may have been representative of a different disease because the lesion was not diagnosed using histological methods. Nevertheless, both medical treatment and surgery should be considered in CAPNON management.
CONCLUSIONS
This study presented the case of a patient who required a second surgery to remove a CAPNON 12 years after the initial surgery. CAPNONs may be indicative of the healing process associated with an unidentified agent. Although surgery is typically associated with good prognosis, residual lesions may regrow. Thus, maximum resection must be performed, particularly in younger patients. Due to possible recurrence, patients should undergo periodic follow-ups. Moreover, further accumulation of cases is required to elucidate the underlying pathophysiology of CAPNON.
Declaration of patient consent
The authors certify that they have obtained all appropriate patient consent forms. In the form the patient(s) has/have given his/her/their consent for his/her/their images and other clinical information to be reported in the journal. The patients understand that their names and initials will not be published and due efforts will be made to conceal their identity, but anonymity cannot be guaranteed.
